crease the levels of cholesterol, triacylglycerols, very lowdensity lipoproteins, and low-density lipoproteins in blood 6 . Importantly, humans cannot synthesize n-3 fatty acids and so these important compounds must be provided through the diet 7 .
Other aspects of fatty acid intake are also important for health. For example, a maximum value of 4.0 has been recommended for the dietary n-6/n-3 ratio 8 and higher values than this may promote cardiovascular disease 9 . Pigott and Tucker 10 suggested that the n-6/n-3 ratio is a useful indicator of the nutritional value of different fish species. A ratio of n-6/n-3 between 0.67-0.91 is considered appropriate for a healthy human diet 11 . A minimum value of 0.45 for the PUFA to total SFA ratio has also been recommended for human health 8 .
Several factors, such as the species of fish, its age and maturity, its diet, and the climate where it lives, affect the fatty acid content of fish 12, 13 . In particular, fishes from tropical regions have lower amounts of lipids compared to those from arctic regions. Since PUFAs provide tolerance to low temperatures, fish from tropical waters are expected to have lower PUFA contents than their tropical counterparts 14 . However, while many studies on the fatty acid profiles of fish have focused on the species from temperate waters 15 , very few have described the fatty acid profiles of tropical fish 16 . Freshwater fish contain mostly n-6 fatty acids, especially linoleic acid C18:2n-6 , but they are also characterized by the presence of α-linolenic acid C18:3n-3 and EPA 12 . Unlike the plankton in fresh water, marine plankton are low in n-6 PUFAs, including EPA and DHA 17 ;
therefore, marine fish contain high concentrations of n-3 fatty acids. Of the 3000 edible fish species in Sri Lanka, the low-cost fish are freshwater fish, which are mostly consumed by the locals. However, no recorded research on the fatty acid profiles of freshwater fish in Sri Lanka is available. The fatty acid composition of the edible parts of 10 marine fish species and three prawn species have been reported 18 , along with those of 20 low-value marine fish species 19 . The fatty acids that influence health were studied in different Sri Lankan fish species belonging to the family Leiognathidae 20 . However, data on the fatty acid profiles of Sri Lankan fish are relatively meager. In contrast, extensive data on the fatty acid profiles of fish found near Japan are available. The fatty acid composition of 211 of the most commonly consumed fish belonging to 76 families 21 , some wild and cultured freshwater species by 22 and 6 brackish water species by 23 have been reported in Japanese fishes. This study evaluates the lipid content and fatty acid composition of muscle removed from wild fish collected from the Indian Ocean along Sri Lanka, and the Pacific Ocean along Japan. Furthermore, our aim is to elucidate the differences in the fatty acid composition between warm water and cold water fishes by examining fish from two extremely different geographical regions.
EXPERIMENTAL

Samples
Thirty-two species of fish from 27 families were purchased from the Eravur, Chenkalady, and Valaichennai markets in Sri Lanka. They were cleaned and washed with cold water. Muscle samples 100 g were removed from the mid abdomen of each fish, washed with cold water, and packed in dry ice and stored at 80 in the freezer. These fish were transported to Tokyo University of Marine Science and Technology TUMSAT , Japan. In addition, 15 species of wild fish and shellfish belonging to 10 families were collected at markets in Tokyo, Japan. These were packed in ice in polythene bags and immediately transferred to the laboratory of TUMSAT. All fishes were kept at 58 until analysis.
Lipid extraction
Total lipid TL extraction from the fish muscle was by the method described by Bligh and Dyer 24 . Muscle tissue was weighed and homogenized in 30 volumes of methanolchloroform 2:1, v/v in a homogenizer Ace AM, Nissei Corporation, Tokyo, Japan at 15,000 rpm for 4 min. The homogenate was filtered through filter paper Whatman No.1, General Electric Company, Fairfield, CT using a Buchner funnel. The filtrate was recovered and the residue was subjected to a second round of homogenization with chloroform-methanol 2:1, v/v and filtered. The filtrates from the two rounds were pooled and added to a double volume of 0.88 KCl before being centrifuged in a centrifuge Kubota 2010 centrifuge, Kubota Corporation, Tokyo, Japan at 4,000 rpm for 10 min. After centrifugation, the lower chloroform phase containing lipids was collected and evaporated under vacuum in a rotary evaporator Model DPE -2120, Tokyo Rikakikai Co. Ltd., Tokyo, Japan to a volume of 1 mL. The chloroform was further evaporated under a stream of nitrogen. The residue thus obtained was weighed to quantify the amount of lipid extracted. This was then dissolved in 2 mL of chloroform and stored in a 25 mL of dark bottle under argon at 20 until further analysis.
Preparation of fatty acid methyl esters FAME
Esterification of the extracted lipids was performed according to the Association of Analytical Communities method 25 . Fatty acid methyl esters FAMEs were obtained from the isolated lipids by heating the lipid extract with 1 mL of 0.5 M methanolic-NaOH i.e., NaOH dissolved in MeOH , at 100 for 15 min, followed by cooling to room temperature and treatment with 2 mL of boron trifluoridemethanol 14 BF 3 in CH 3 OH solution. n-Hexane 1 mL was added to recover the methyl esters in the organic phase. The mixture was washed with a saturated solution of NaCl. Two phases were formed after washing; the upper n-hexane phase was collected in a 10-mL glass chromatography vial for GC analysis.
Fatty acid analysis using gas chromatography
FAMEs were analyzed on a GC-14A model gas chromatograph GC Shimadzu Corporation, Kyoto, Japan equipped with a flame ionization detector FID and fitted with a capillary column Omegawax 320, 30 m length, 0.32 mm internal diameter, 0.25 μm film thickness, Sigma-Aldrich Co. LLC, St. Louis, MO . The injector and detector temperatures were 250 and 260 , respectively. The oven was initially held at a temperature of 100 for 5 min. The temperature was then increased at a rate of 1 /min and held at175 and 240 for 10 min each. The total run time was 165 min. Helium 2.5 mL/min was used as a carrier gas. Samples were run in a split mode 50:1 . Three replicate analyses were performed per sample. Fatty acids were identified by comparing the retention times of the FAME peaks in the sample to those obtained for the standards Supelco 37 Component FAME Mix, Sigma-Aldrich Co. LLC . The FID signals were integrated with Chromatopak C-R6A chromatographic integrators Shimadzu Corporation . Results are expressed as relative percentages of peak area obtained from GC-FID chromatogram.
Statistical analysis
Results are presented as mean SD for the three replicate samples and were tested using descriptive statistical analysis and the one sample t-test. One-way analysis of variance ANOVA was used to compare the mean lipid content and fatty acids levels across fish feeding groups omnivorous, planktivorous, carnivorous, and herbivorous , fish groups living in different aquatic habitats freshwater, brackish and marine , and cold and warm water groups, followed by post hoc analyses using Tukey s t-test to determine whether differences between means were significant p 0.05 . All statistical analyses were performed using SPSS-10 for Windows IBM, New York, NY and Microsoft Excel, 2010 Microsoft Corp., Redmond, WA .
RESULTS AND DISCUSSION
Total Lipid Content
The total lipid as a percentage was determined from 15 fish and shellfish species belonging to 10 27 demonstrated a strong relationship between feeding and fatty acid composition of the muscle lipid, and also stated that marine fish had higher lipid contents than freshwater fish, whereas shrimp had lowest lipid content. The present study did not agree with the research of Vasconi et al. 27 since some freshwater fishes had higher lipid contents than marine fishes. In addition, the omnivorous feeders had higher muscle lipid content than herbivorous and carnivorous feeders.
Overall there are no statistically significant differences in total lipid content between freshwater and saltwater species, even though there are differences seen within each type. For example, the lipid content of the freshwater, , varied greatly. While some warm water fish had different lipid levels than coldwater fish, this was not a consistent finding. For instance, the total lipid levels in the carangids Caranx papuensis and Seriola quinqueradiata, which live in warm and cold water respectively, differed significantly, and the lipid contents of Amblygaster sirm and Sardinella albella both belonging to Clupeidae collected from warm water were significantly higher than those of the coldwater clupeid Sardinops melanostictus. However, the total lipid levels in the members of the family Scombridae living at different temperatures were not significantly different from one another. Overall, the lipid content of fish had no significant association with their aquatic environment cold vs. warm p 0.05 . Fat composition, however, differed significantly with feeding habit and geographic origin. Fish with carnivorous feeding habits had very low lipid levels, while herbivorous fish from Sri Lanka, and planktivorous fish from Japan, had significantly higher levels. Thus, the lipid content and fatty acid profiles might not be related to the diet but to the habitat and migration 28 .
MUFA content
Fatty acid composition varied among fish from both oceans, although the lipid content was very low in muscles. It is established that SFAs, MUFAs and PUFAs have significant roles in human health. Fish from the Pacific Ocean had higher levels of MUFAs and PUFAs than did those from the Indian Ocean Table 2 . Of the MUFAs, nervonic acid C24:1n-9 , erucic acid C22:1n-9 , and eicosenoic acid C20:1n-9 were present in both Indian and Pacific Ocean fish, whereas cis-10-heptadecenoic acid C17:1n-7 , and myristoleic acid C14:1n-5 were not found in any fish from either ocean. Of the Indian Ocean species, only Nematalosa nasus brackish water , Caranx papuensis marine , Sphyraena jello marine , and Tilapia moassambica freshwater contained high levels of MUFAs in muscle, whereas all the Pacific fish species had high levels of MUFAs. Significant variations in MUFAs were observed among Indian and Pacific Ocean fish. Of the Sri Lankan fish, significantly higher percentages of total MUFAs were found in Tilapia moassambica and Caranx papuensis, whereas among Japanese fish, Pecten maximus and Paralichthys olivaceus had unusually high total MUFA content Table 2 . Kaneniwa et al. reported that, among Japanese fish, total MUFA content was high in a few marine fish such as Scombrus japonicus and Paralichthys olivaceus, whereas in river species such as Plecoglossus altivelis the content was low 29 . Similar results were obtained here. This follows logically from the fact that MUFAs are produced by marine invertebrates and copepods; marine fish, particularly omnivores and planktivores, have access to these sources and therefore accumulate higher levels of total MUFA than do freshwater fish or marine carnivores such as Katsuwonus pelamis 30 .
PUFA content
Total PUFA content was significantly higher in Pacific Ocean fish than in Indian Ocean fish Table 3 . In Pacific Ocean fish, the predominant PUFAs observed were n-3 fatty acids, including DHA, DPA, EPA, C20:3n-3 and C18:3n-3. In contrast, n-6 fatty acids were predominant in the Indian Ocean fish. This is consistent with the need for high levels of PUFAs of fish at high latitudes in order to tolerate low temperatures 14 . Among Sri Lankan fish, total n-3 fatty acids were especially high in Sphyranea jello, Anabas testudineus, Siganus lineatus, Sardinella albella and Rastrelliger kanagurata 
Table3
Total SFA, MUFA, PUFA, EPA, DHA, DPA, n-3 fatty acid, n-6-fatty acid, n-6/n-3 and PUFA/SFA ratio of the Indian Sri Lanka and Pacific Japan Oceanic fishes.
Scientific Name Table3 Continued.
lected from Japan was higher than in fish from Sri Lanka. The marine fish Sardinops melanstictus had higher EPA and lower DHA levels than the other marine fish. Total PUFA levels were significantly higher in marine Seriola quinqueradiata, Trachurus japonicas, Oncorhynchus maosu, Katsuwonus pelamis, and Sardinops melanostictus than in Japanese freshwater fish and shellfish Table  3 . Kojima et al. reported that total PUFAs in muscle were lower in freshwater fish than in marine fish collected from Japanese waters 22 .
SFA content
Of the saturated fatty acids, tetracosanoic acid C24:0 , behenic acid C22:0 , arachidic acid C20:0 , and heneicosanoic acid C21:0 were observed both in Sri Lankan and Japanese fish Table 2 . Stearic acid C18:0 , C16:0, and pentadecanoic acid C15:0 were present in Japanese fish at low levels. Among marine and brackish fish of Sri Lanka, total SFA content was very high in Nibea maculata and Wallago attu, 22.00 and 11.20 , respectively. Among freshwater species, Clarius branchysoma contained a high total amount of SFAs, with C24:0 at a level of 5.10 . In Japanese fish, C15:0, C20:0, and C24:0 were at low levels, with Oncorhynchus masou a marine fish containing 2.10 , 0.00 , and 1.10 of these SFAs, respectively. It is reported that the lipid profile in the edible portion of Oncorhynchus masou included high levels of C16:0 22 . In Sri Lankan fish, Sardinella albella contained high levels of tridecanoic acid C13:0 , C14:0, and C12:0 5.00 , 13.40 , and 3.10 , respectively , while these SFAs were present in Japanese fish only at low levels, with the exception of Salvelinus leucomaenis. The planktivorous fish from both the Indian and the Pacific Oceans had high total SFA levels Table 3 . The shellfish from the Pacific Ocean filter feeders classified as planktivorous for the purposes of this study contained high levels of total SFAs Table 3 .
n-6/n-3 fatty acid ratio
The n-6/n-3 ratio varied considerably in both Sri Lankan and Japanese fish species. Fish with especially high n-6/n-3 ratios included Labeo rohita 5.52 , Chanos chanos 4.62 , Portunus pelagicus 3.90 and Amblygaster sirm 3.81 . Among Japanese fish, Salvelinus sp had a very high n-6/ n-3 ratio 2.64 . In contrast, Japanese fish contained lower n-6/n-3 ratios than Sri Lankan fish. Pigott and Tucker 10 reported that the n-6/n-3 ratio is a useful indicator for comparing the nutritional value of different fish species 10 . L rohita, herbivorous species, had the highest ratio among Sri Lankan fish, whereas the highest n-6/n-3 ratio among Japanese fish species was in Salvelinus sp., an algal feeder. Similar results were reported by many researchers 31 . Herrings and mackerels from both fish groups showed significantly higher n-3/n-6 ratio p 0.05 and these fishes are better for cardiovascular disease, as suggested by Fabian et al. 4 .
PUFA/SFA ratio
The PUFA/SFA ratio was high in some marine Sri Lankan fish, such as Amblygaster sirm 4.76 , Tylosurus crocodiles 2.78 , Tenualosa toli 2.37 and Rastrelliger kanagurata 2.19 . Among freshwater species, Tilapia mossambica 2.20 and Etroplus suratensis 1.10 had an unusually high value, whereas this ratio was very low in the Japanese fish, with the exception of the clam, Spisula solidissima, Table 3 . The fatty acid composition varied dramatically in all groups considered in this study. Saito et al. reported that size, age, reproductive status of the fish, and environmental conditions, especially water temperature, influence the lipid content and fatty acid composition of fish muscle to a certain extent 21 . However, in the present study, the total lipid content was not significantly correlated with the geographical location where the fish was found p 0.05 . Feeding habit was the major determinant of the fatty acid composition of the fish. This is consistent with the findings of Sargent et al. 32 , who reported that fatty acid composition is determined to a large extent by the type and amount of feed available, as well as by its fatty acid content. In our data, the n-3 fatty acid content was high in planktivorous species Fig. 1B , whereas the n-6 fatty acid content was significantly higher in herbivorous fish Fig. 1A p 0.05 . MUFA content was high among Japanese omnivorous species Fig. 2B , whereas the PUFA/SFA ratio was high in omnivorous feeders Fig.  2A . However, these trends were not statistically significant p 0.05 . EPA and DHA content varied significantly among species p 0.05 , but the differences among groups with different feeding habits were not statistically significant p 0.05 Table 2 . The levels of EPA, DHA and docosapentaenoic acid C22:5n-3, DPA were high in marine fish such as Sardinops melanostictus and Paralichthys olivaceus and shellfish Mercenaria mercenaria, respectively. In both Indian and Pacific Ocean fishes, EPA and DHA were present in high amounts in herring species Clupidae family and mackerels Scombridae family .
CONCLUSION
In conclusion, the lipid content and the proportions of the different fatty acid groups in fish varied according to their feeding habits and the aquatic environment they live in. Of the unsaturated fatty acids, significantly higher levels of PUFAs and MUFAs were found in marine fish, particularly in cold water fish Japan , whereas MUFA levels were relatively high in Sri Lankan marine fish. Pacific oceanic fish and shellfish had very high levels of n-3 fatty acids, and low levels of n-6 fatty acids; Sri Lankan fish showed the reverse pattern. Among Sri Lankan fish, only marine fish are good sources of EPA and DHA. Both marine and freshwater fish collected from Japan had high levels of EPA and DHA. Sri Lankan fish had higher levels of saturated fatty acids than Japanese fish. The levels of n-3 fatty acids were high in planktivorous fish from the Pacific Ocean, and in herbivorous fish from the Indian Ocean. PUFA/SFA ratios were high in omnivorous Sri Lankan species of fishes, and in Japanese planktivorous fish species. These data on the fatty acid composition of fish will assist in determining the technological processes required for the preservation of fish and the maintenance their high nutritional content. 
